Objective: To investigate the psychophysiological pattern associated with severe and mild onychophagia, and to compare this pattern with that demonstrated by previous research on self-cutting.
I n clinical research, onychophagia has been compared to various nervous habits such as thumb-sucking, giggling, and twitching (1-4). Recognition by relatively few authors of a more severe category of onychophagia (5) has highlighted a lack of clear categorization of these 2 quite distinct forms. Mild onychophagia has been described as a crude form of self-grooming, in which nail length is controlled with the teeth Manuscript (6) . Authors that have recognized the more severe nature of onychophagia in some individuals have defined it as "nails bitten beyond the free edge, with nail margin below the soft tissue border" (5, p 822) .
A distinction between the severe and mild forms of onychophagia can be made. Treatments that have been designed for various nervous habits have been effective in the management ofmild onychophagia (1,7,8) but not for the severe form (5) . Severe onychophagia can be considered a different be" haviour altogether because of the degree of self-harm in· volved (9) . Various reports have demonstrated serious medical complications associated with the severe form of onychophagia, including bleeding, infection, scarring, and significant pain (5, (10) (11) (12) (13) , which are not present in the mild form. The most common medical problems have included acute paronychia, which involves inflammation of the tissue adjacent to the nail, infection, and pus formation (5) . Osteomyelitis, which involves infection of the bone underlying the nail, may also result (14) .
The tension-reduction model of self-mutilation may be usefully applied to the severe form of onychophagia (9) . This model suggests that self-mutilation acts as a drive-reduction mechanism (15) . Every time cutting occurs, a consequent reduction in tension results. Each time the individual engages in tension-reducing, self-inflicted injury, the behaviour is reinforced. The likelihood that the individual will engage in such behaviour when faced with a similar emotional situation is then increased. Thus, the behaviour is being negatively reinforced by the pleasant tension reduction (16, 17) . Classifying severe onychophagia as self-mutilative and subsequently applying the tension reduction model of self-mutilation may increase understanding of the etiology and maintenance of this behaviour and improve the efficacy of treatment (9) .
A strong argument can be made for a distinction between the mild and severe forms of onychophagia and for the selfmutilative nature of the severe form. To classify a behaviour as self-mutilative, it must be a deliberate, repetitive, nonlethal, socially unacceptable self-injury occurring as a consequence of psychological distress or crisis (18) (19) (20) . Both forms of onychophagia can be considered to be inflicted deliberately and to be repetitive, occurring many times a day. Both represent no threat to life, although severe onychophagia results in greater self-injury than does the mild form. Mild onychophagia can be acceptable in a social context (20) and is considered a nervous habit rather than an indication of psychological distress (1). Severe onychophagia, in comparison, cannot be considered socially acceptable because ofthe consequent degree of self-injury occurring in a social setting (9) . The psychological distress component ofthe definition makes a clear distinction between the 2 categories of onychophagia. The serious self-injury that occurs in those individuals who exhibit the severe form is indicative ofsignificant psychological distress (5) . Onychophagia may not be labelled self-mutilative by most authors because ofthe unremarkable nature of the mild form and the lack of recognition ofthe severe form. Alternatively, it may be because very many individuals engage in the behaviour.
Severe onychophagia has in fact been described as a compulsive form of self-mutilation (21, 22) comparable in its intensity and degree of self-injury to behaviours such as trichotillomania (23, 24) , scab-picking (25, 26) , skin-scratching (6, 27) , and cheek-biting (6, 22) . Such behaviours have been described as occurring automatically or without conscious intent in a repetitive ritual (22) . In this respect they are phenomenologically similar to the compulsive rituals observed in patients with obsessive-compulsive disorder (OCD) (22) . Compulsive self-mutilation has been associated with tension reduction (22) .
If severe onychophagia is self-mutilative, then the tension reduction model of self-mutilation may explain why this behaviour is maintained in the face of social repugnance and serious physical pain. In fact, several authors have suggested this process to be operating (1, 2, 11, 22, 28, 29) . Support for its operation has been demonstrated in several areas of clinical research on onychophagia. The most prominent symptom associated with this behaviour in adults has been an elevated anxiety level (30) (31) (32) . Whether the 2 categories of onychophagia can be distinguished according to the level of anxiety associated with the behaviour must be further clarified. Support for the operation of the tension reduction mechanism also was evident in the major theories addressing the etiology and maintenance ofonychophagia (1-33). In particular, learning theorists have speculated that the individual who bites his or her nails has learned that the behaviour reduces the aversive state of elevated anxiety and tension. In this way the reinforcement processes are operant, causing the behaviour to be controlled by its consequences (34). Whether this reinforcement process occurs for both categories of onychophagia remains to be empirically tested.
Further support is demonstrated by the types oftreatments that have been effective in the management of the severe category, which have included covert sensitization (35-37), aversive therapy (38,39), and relaxation training (28, 40) . All these treatments appear to interfere effectively with the reinforcement produced by the reduction oftension following the behaviour. Covert sensitization and aversive therapy seem to train the individual to avoid their nail-biting behaviour by pairing it with an aversive stimulus, whereas relaxation training provides an alternative method of tension reduction. The efficacy of these treatments in the management of severe onychophagia implies the importance of the role of antecedent (tension) and consequent (relief) events in the maintenance of this behaviour (36).
In summary, a distinction between the mild and severe categories of onychophagia was warranted (9) . In fact, the severe category could be considered self-mutilative under the definition. Considering the severity of the injury inflicted, to improve treatment efficacy the process maintaining the behaviour must be understood. A possible reinforcement process involving tension reduction indicates the need to investigate the psychophysiological processes that accompany both categories of onychophagia.
Because it is not ethical or practical to request individuals to harm themselves by biting their nails for the purpose of research, a guided imagery methodology provides the most practical way of studying a psychophysiological pattern accompanying a behaviour. The method of presentation of imagery (in 4 stages) allows examination ofthe reinforcement processes as they occur over time. Previous research has demonstrated the validity of this methodology for skin-cutting (16, 17) , bulimia (41), alcohol relapse (42), OCD (43), and self-poisoning (44).
The tension reduction response for skin-cutting was observed using this methodology, with arousal levels peaking in the second stage when the moments leading to cutting were described and a reduction in arousal in the third stage when cutting occurred (16, 17) .
Experiment I
It is anticipated that participants who exhibit the severe form ofonychophagia will demonstrate a higher overall level ofarousal than the mild and control groups. The severe group is expected to demonstrate a pattern of tension reduction in response to imaged nail-biting behaviour. The mild group may experience some reduction in psychophysiological arousal because of the association of the behaviour with nervousness but not of the same degree as in the severe condition. Control participants will exhibit little change in psychophysiological arousal levels across the stages.
Method
Participants Participants were recruited from private clinical practice and from the undergraduate population of the University of Tasmania. An information sheet was given to all participants, and written, informed consent was obtained. Fifteen participants exhibited severe onychophagia, 15 exhibited mild onychophagia, and 15 had no history of onychophagia. Participants were allocated to the nail-biting groups according to a range of criteria. The severe group exhibited obvious physical damage to the cuticle and surrounding skin to the point where the nail was bitten beyond the free edge. A high intensity ofnail-biting and a large degree ofphysical damage were observed. Those in the mild condition exhibited an absence of such physical damage and lower overall intensity of nail-biting.
Materials
A questionnaire was devised to record demographic variables, the severity and frequency ofnail-biting, and the presence of other self-mutilative behaviours. A nail-biting severity scale that was constructed on the basis ofthe research of Leonard and colleagues was administered (9) .
Personalized imagery scripts of a nail-related event and a neutral event (making a hot drink) were developed for each participant. They were divided into 4 stages: setting the scene (the environment in which the behaviour occurred); approach (the lead-up to the behaviour); incident (a description of the actual behaviour); and consequence (what occurred immediately after the behaviour had ceased). Only elements reported by participants were included in the scripts, in their own words where possible.
Apparatus
Apparatus included a Macintosh Powermac 7200175computer linked to a MacLab/8s data acquisition system using Chart 3.5.1. Recordings were made at lmm/s", with a sampling frequency of200 samples/s". Heart rate data was taken from 7mm Ag/AgCl electrodes, one placed on each side of the rib cage along the lateral line with an earth on the mastoid process. A Pneumotrace strain gauge monitored respiration rate. Skin conductance level (SCL) was measured using 1Omm Ag/AgCl electrodes on the first and third fmgers of the nondominant hand. Electromyography (EMG) was monitored by two 7mm Ag/AgCl electrodes placed 1/3 and 2/3 above the supraorbital margin.
Procedure
In an initial session, the questionnaire incorporating demographic variables and frequency and severity of nail-biting was verbally administered. Participants then were interviewed about either a single event ofnail-biting (for the severe and mild groups) or nail-clipping (for the control group) and a neutral event (making a cup of coffee or tea). These events were either the most recently experienced or the most vividly recalled. The interview focused on both stimulus information (such as where the participant was, what they could see or hear, and what was happening around them) and response information (how the participant was feeling or respondingto the events). The imagery scripts were then developed, with separate personalized scripts for each participant.
In a second session, electrodes were applied. Participants were informed that a baseline measure would be taken before the presentation ofeach script type. They were instructed that each stage ofeach script would last approximately 60 seconds and that there would be a brief pause between each stage, in which they would be instructed to open their eyes. The scripts were administered in a counterbalanced order.
Data Transformation and Scoring
A 30-second period was scored for each stage of each script. The scoring period was determined by the contentof the personalized imagery scripts. Most commonly, the scoring period began 15-20 seconds from the beginning of the recording for each stage. This scoring system has been used successfully with other studies (16, 17, 41, 44, 45) . Data relating to heart rate (in beats per minute) and respiration (in breaths per minute) were not transformed. The EMG was integrated, and the score was obtained from this integration. SCL represented a mean level of the scoring period.
Results

Description ofthe Nail-Biting Sample
There was a significant difference between the groups in the self-reported frequency of nail-biting, X 2 (3, in the mild (n = 6) than the severe group (n = 0) reported biting their nails less than once daily. Significantly more participants in the severe group (n = II) reported engaging in biting more than once daily as opposed to the mild group (n = 4). However, there were no significant differences between the groups in the estimated number of times they had bitten their nails in the last day, week, or month.
There was a significant difference between the mild and severe groups in self-rated severity of nail-biting, l (2, n = 30) = 20.4, P < 0.0001. Significantly more participants than statistically expected in the mild group (n = II), compared with the severe group (n = 0), rated the severity of the biting as only trimming their nails. Significantly more participants in the severe group (n = 9) than in the mild group (n = 0) rated their biting as causing painful damage. In addition, there was a significant difference between the groups in the occurrence ofbleeding following biting, x 2 (1, n =30)= 13.39,P<0.0003, with more ofthe severe group (n = 13) reporting bleeding than the mild group (n = 3).
In addition, on the severity scale, the severe-group members rated themselves as spending significantly more time biting their nails in the last week, t(28) = 2.39, P < 0.03, significantly higher intensity of the biting urge, t(28) = 3.14, P < 0.004, and significantly higher interference with daily life, t(28) = 2.30, P < 0.03, than did the mild group. There were no significant differences between the groups in the resistance exerted against the urge to bite or in the distress caused by the biting.
A range of other self-injurious behaviours were noted in all 3 groups. Participants in the severe nail-biting group had engaged in skin-cutting (n = 2), skin-picking (n = 4), cheekbiting (n = 2), hair pulling (n = 4), eyelash pulling (n = 1), and the application of a caustic substance to the skin (n = 1).
Participants in the mild group reported having engaged in skin-picking (n = 3), cheek-biting (n = 2), and hair pulling (n = 7). Control participants reported skin-picking (n = 2), cheek-biting (n = 2), and hair pulling (n = I).
Response to Imagery
Repeated measures ANOVAs with the Huynh-Feldt correction being applied were performed. A significance criterion of 0.05 was adopted for all analyses. All means and standard deviations are available from the authors upon request.
Respiration. A significant script by group interaction was evident for the respiration response ( Figure I) , F(2,42) = 4.56, P < 0.02. The severe group demonstrated a significantly higher overall response than the control group to the nail-related script (Fisher PLSO = 2.23, P < 0.05). The difference between the 2 nail-biting groups was not significant. There also was a significant main effect for script, F(1,42) = 8.31, P < 0.006, indicating that the overall level of arousal shown in respiration was higher for all groups in response to the nail-related script than to the neutral script.
Muscle Tension. A significant group by script interaction was evident, in the EMG response, F(2,41) = 3.31, P < 0.05. Post hoc analyses demonstrated significantly higher overall levels of EMG in the response of the severe group to the nail-related script (mean 249.66, SO 132.03) than to the neutral script (mean 200.82, SO 92.96), t(14)= 2.53, P< 0.03. No such differences were evident for the mild and control groups. There also was a trend toward a script by stage interaction, F(3,123) = 1.91, P = 0.057. The overall level of muscle tension was higher for the nail-related script than the neutral script at the approach, t(43) = 2.19, P < 0.04, incident, t(43) = 2.81, P < 0.008, and consequence stages, t(43) = 2.07, P<0.05. SCL. A significant script by stage interaction was observed for the skin conductance response, F(3,99) = 3.512, P < 0.03. Post hoc analyses demonstrated a significant difference in the response to the nail-related script between the scene and the consequence stages, the approach and consequences stages, and the incident and consequence stages (Fisher PLSD = 0.61, P < 0.05). A trend toward significantly higher SCL between the nail-related and the neutral scripts at the incident stage was evident from post hoc tests, t(35) = 1.99, P = 0.054. Heart Rate. There was a trend toward a script by stage interaction for the heart rate response, F(2,3) = 2.57, P = 0.064. A significant difference for the severe group on the nail-related script between the scene and approach stages was evident (Fisher PLSD = 1.754, P < 0.05). No such difference across stages was observed for the mild and control groups. Post hoc analyses also demonstrated a significant difference between the overall response to the nail-related script and the neutral scripts at the approach stage, t(44) = 2.91, P < 0.006.
Discussion
The study aimed to evaluate whether the 2 categories of onychophagia could be distinguished by the characteristics of the nail-biting and the psychophysiological response that accompanied imaging the behaviour. The nail-biting groups could be distinguished by the frequency and severity of the nail-biting, with the severe group reporting biting to be significantly more frequent and to cause greater injury. This is consistent with the higher percentage ofparticipants reporting bleeding as a result of nail-biting in the severe group.
The pattern of tension reduction that has been demonstrated in response to imaged skin-cutting involves a peak of arousal in the approach stage Gust before self-cutting) and a decrease to the incident stage (when self-cutting occurs) (16, 17) . The respiration and heart rate responses ofthe severe group to their nail-related script mirrored this pattern of response, with the peak of arousal preceding the nail-biting and a decrease in arousal as the nail-biting was imaged. The difference between the stages did not reach significance.
However, levels of psychophysiological arousal did not consistently distinguish the severe and mild groups. The mild group reported engaging in numerous other compulsive selfinjurious behaviours. Considering the consensus in the literature that such behaviours may be tension reducing (6, 20, 22) , this may have contributed to a lack of distinction in the psychophysiological response of the nail-biting groups. Perhaps a clearer distinction would result from exclusion of individuals engaging in other behaviours.
Nevertheless, the mild group demonstrated a different pattern ofresponse across the stages to the severe group. Their response to the nail-related script involved an increase in respiration, muscle tension, skin conductance, and heart rate at the incident stage (as they imaged biting their nails) and a decrease to the consequence stage (after they had stopped biting their nails). This pattern also occurred in the severe group for muscle tension. It is important to note that muscle tension is a more subjective psychophysiological measure because of the degree of control an individual has over his or her frowning.
The skin conductance response of the severe group indicated a reduction of arousal at the consequence stage but not before. This delay, compared with the early reduction ofheart and respiration responses, may reflect the nature of the skin conductance response, which has been determined to be vulnerable to such factors as imagery ability (46).
In summary, the pattern of heart rate and respiration response across the stages for the severe group in this study is similar to the reported pattern for individuals who engage in skin-cutting (16, 17) . This pattern is not present for the mild group. It would appear that the difference between severe onychophagia and skin-cutting is one of degree. To further investigate this proposition, a group of people engaging in onychophagia would need to be compared with a group engaging in skin-cutting.
Experiment II: Method
Participants
The severe and mild nail-biting groups from the previous experiment were included in this study. In addition, a sample of 67 individuals (29 female, 38 male) with a history of self-cutting were included. These individuals were contacted through private psychological practice, community mental health clinics, and an undergraduate university population. Written, informed consent was obtained from these individuals.
Apparatus
Psychophysiological recordings were made using Chart 3.4 on a Macintosh Quadra 840AV linked to a MacLab/8 data acquisition system. Recordings were made at lmm/s'', witha sampling frequency of200 samples/s'. The electrode placements and psychophysiological parameters were the sameas for Experiment I except that EMG was not recorded.
Materials
A questionnaire was developed to obtain information from participants related to their self-mutilative behaviour. This information included type, frequency, duration, and last selfmutilative episode.
Participants were interviewed to obtain information for personalized imagery scripts of actual self-mutilative episodes. They were requested to describe the self-mutilative episode in terms of the environment in which it occurred and their cognitive, psychological, behavioural, and psychophysiological responses to the event. The information was limited to the minutes before, during, and after the actual cutting incident to devise a guided imagery script that could provide a continuous sequence of events. The personalized imagery scripts were constructed in the same way as for ExperimentI.
Procedure
The procedure was the same as for Experiment I.
Data Transformation and Scoring
The scoring of psychophysiological records and the management ofdata were the same as for Experiment I except that EMG was excluded. 
Results
Description ofthe Sample
All participants had engaged in nonlethal self-mutilative behaviour. All participants had cut themselves. A range of other self-mutilative behaviours were also evident, including self-burning, skin-scratching, skin-picking, self-hitting, and wound excoriation.
The participants reported a mean of 61 self-mutilative episodes (SD 93.0) with a range of 1 to 500 episodes. The participants had been self-mutilating for a mean of43 months (SD 67.0). It had been a mean of 15 months (SD 19.0) since the last self-mutilative episode with a range from within the last month to 72 months. The psychophysiological response of tension reduction is maintained even after a substantial period of not engaging in self-mutilation (16) .
Response to Imagery
Comparisons ofresponses to imagery were made between the following groups: severe nail-biting, mild nail-biting, and self-cutting. Repeated measures ANOVAs with a Huynh-Feldt correction were performed. A significance criterion of 0.05 was adopted for all analyses. All means and standard deviations are available from the authors by request.
A significant stage by group interaction was evident in relation to heart rate, F(6,26 1) = 4.16, P < 0.0008 ( Figure 2) .
Post hoc analyses demonstrated that significant across-stage differences were apparent for the self-cutting group, F(3,177) = 18.72, P < 0.0001. Heart rate significantly in-creased from the first stage to the approach, then decreased through the approach stage to the actual incident of self-cutting. Arousal remained low for the consequence stage but did not decrease further (Fisher PLSD = 1.05, P < 0.05). A significant across-stage difference also was apparent for the severe nail-biting group, F(3,42) = 2.91, P < 0.05, with a significant increase from the first stage to the approach stage prior to biting beginning (Fisher PLSD = 1.75). Although a reduction in heart rate was noted after this stage, the decrease was not significant. No across-stage differences were apparent for the mild biting group. Figure 3 presents the significant interaction between stage and group for SCL, F(6,204) = 2.32, P < 0.05. For the self-cutting group, there was a significant pattern of arousal change across the stages, F(3,132) = 5.80, P < 0.0009. In this case, there was a significant increase from the scene stage to the approach stage, followed by a significant decrease from the approach stage to the incident stage when self-cutting was described. Arousal remained at this low level for the consequence stage (Fisher PLSD = 0.69, P < 0.05). There was a trend for an across-stage difference for the severe nail-biting group, F(3,33) = 2.80, P = 0.055. The significant decreases were apparent from the setting the scene stage to the consequence stage, and from the incident stage to the consequence stage (Fisher PLSD = 1.15, P < 0.05). No across-stage differences were apparent for the mild nail-biting group.
With regard to respiration, there was a significant stage main effect, F(3,258) = 4.92, P < 0.003. Disregarding group, respiration rate significantly increased in from the scene stage to the approach stage and decreased from the approach stage to the incident stage. No further decrease was evident at the consequence stage (Fisher PLSD =0.63, P < 0.05).
Discussion
The pattern of psychophysiological arousal demonstrated in heart rate for the nail-related script is clearly different across the stages for the severe nail-biting and skin-cutting groups compared with the mild group. As is evident from Experiment II, the skin-cutting group demonstrated a clear pattern of tension reduction, whereas the severe nail-biting group demonstrated a pattern of tension alteration. Skin-cutting seems to be more effective in reducing tension than severe nail-biting, which does not catalyze tension reduction in the same way. This is consistent with the descriptions of skin-cutting as an acute, impulsive behaviour (22) and of severe nail-biting as a more chronic, habitual behaviour (20, 22) .
The chronic repetition ofcompulsive behaviours may have a desensitizing effect, reducing efficacy in producing relief from an aversive state (17, 21) . This has been suggested, in the case of skin-cutting, to result in an escalation of behaviour to a higher frequency and severity of cutting (21) and, in tum, higher risk of accidental death (47). The participants in the severe nail-biting group may have become desensitized to the tension-altering effect of the behaviour, which may account for the significantly higher severity and frequency ofnail-biting that was reported.
The tension reduction response of the severe nail-biting group did not reach a significant level. However, the efficacy of the covert procedures (35-37) and aversive therapies (38,39) in the treatment of severe onychophagia indicates the process maybe one of tension management rather than tension reduction at a time of psychological crisis. It has been documented that the ritualistic behaviours observed in individuals with OCD have a neutralizing effect in that they retain the level of tension at a manageable level (48). Moderate anxiety levels have been associated with the performance of a compulsive ritual, whereas maximal anxiety levels have been associated with the nonperformance of a ritual (49). To explore the suggestion of tension management, it would be necessary to compare the psychophysiological response associated with severe nail-biting with a condition in which severe nail-biting was prevented. If the level of arousal escalates in this condition (where the individual cannot manage his or her tension), it would suggest a process similar to that in individuals with OCD.
In fact, it has been speculated that, because ofthe management of compulsive behaviours such as OCD, trichotillomania, and severe onychophagia with clomipramine hydrochloride, the same biological system mediates a spec-trum ofthese behaviours (5) . The phenomenological similarity between compulsive self-mutilation and OCD (with compulsions and few obsessions) is further supported by high comorbidity between OCD and trichotillomania (50).
A distinction between a severe and a mild form ofonychophagia was suggested because of the differing degrees of self-injury involved in the 2 forms. This study made the distinction by the differing characteristics of the behaviour (such as frequency, severity, and the occurrence of bleeding) reported by the participants. The pattern ofpsychophysiological arousal demonstrated by the participants in the severe nail-biting group was similar to that reported to occur for skin-cutting, but the reduction of arousal occurred to a less pronounced extent. Severe onychophagia may be a behaviour similar to OCD in the way that tension is managed rather than dramatically reduced. The need for further empirical research ofthe psychophysiological pattern associated with low-grade, compulsive, self-mutilative behaviours is indicated.
Clinical Implications
• There is a distinction between mild and severe forms of nailbitingon the basis of the physical and social consequences of the behaviour and its severityand frequency. • Severenail-biting mayinvolve a differentphysiological mechanismthan the mildform. • Severe nail-biting may manage tension in the same way that obsessive-eompulsive ritualsdo.
Limitations
• The groupswerenot differentiated by symptomatology.
• Further comparison between severe nail-biting and obsessive-eompulsive disorder is needed. • Furtherresearch is required beforea bettertreatmentapproach for the severeform can be identified.
